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.The inertial guidance and control subsystem steers the vehicle 
precisely into the pre-programmed orbit .vith accurate attitude references 
to limit "over target" cross track position error toid maximum of 3 miles. 

Proper attitude and' timing references are provided for i^e orbiUl-and - ^ ^ j. 
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SPECIAL HANDLING 

VEHICLE SYSTEM 


CONFIGURATION A 

Configuration A presents a method for achieving the desired perfor- 
mance capability within the restrictions of a 1*0" vehicle depth limitation 
and a 30 foot length limitation. The dual first and second stage motors, 
as proposed by LPC, result in a vehicle width of 80“ . The resultant 
payload and equipment-bay module is 1*0“ x 80" in cross section and 
approximately 71" long. 

Relaxation of the U0“ depth limitation led to a more detailed stucty' 
of the application of the 5U" diameter Polaris A3 propulsion systen as 
described in Configuration B', 
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> The electricalpower system alsouses Agenahardware conqxments. 

The suggested type VI battery provides a large safetymargin for the 
gu i da n ce and control systems power requirements. , 

The payload nodule length allowance with this system is approximately 
70* when the vehicle overall length is restricted to 30 feet* 

An aerodynamic nose fairing and aft extension ecroplete the vehicle 
confirmation* The aft ; erten^on fairing incorporates horizontal and 
Te^ ti®^ eeI^>dynamic surfaces.to provide stabilityduring drop from; the. 
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CONFIGURATION C 

Configuration C is essentially Configuration B plus a third propulsion 
stage for increased performance! resulting in a vehicle configuration 
approximately five feet longer than the 30 foot limitation placed on 
Configurations A and B. 

The first stage is the same as Configuration Bj the second stage is 
the same as Configuration B with the thrust termination parts deleted. The 
equipment bay and equipments are the same as in Configuration B. The third 
propulsion stage is mouhted forward of the payload module and consists of 
a 36"-diameter spherical solid-propellant motor incorporating thrust 
termination provision and mounted backwards inside the nose aerodynamic 
fairing. " After second stage separation! the entire third stage is re- 
oriented 180°: prior to ignition. : ' 
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TABLE II 

MOTOR CHARACTERISTICS 


Motor Mfg|. 


X ip"° 
Lb-Sec 


T 

Total 

Weight 


Propellant 

Weight 


NOTES i 1. Total (2 Motors) each Stage 

2. Includes Thrust Termination 

3. Rotating Nozzles 
U« Vacuum 


P T 
Mass 
Fraction 


I 

LPC Proposed 

137,000 

7.28 

280 

28,2*32 

26,000 

.815 

II 

LPC Proposed 

160,000 ^ 

1.26 . 

280 

5,000 

L,5oo 

.90 

I 

Aerojet 

80,000 

5.U6 

263.5 

23 , 68 oj 3 J 

20,730 

.88 

II 

A llegfcny Ballistics Lab® , 

31,000 

2.U3 

273.5 

9,580^ 2 ^ 

8,880 

.92 

I 

Aerojet 

80,000 

5.U6 

263.5 

23,680^ 

20,730 

.88 

II 

Alleg'any ballistics Lab. . 

31, OCX) 

2.U3 

273.5 

9 , 5 00 .,. 

8,880 

.93 

III 

(ML-U70 Proposed) 

10,700 

.U3 

305. 

1,517 (2) 

1,1*00 

.92 
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SPECIAL HANDLING 

i * ' # * 9 " f . 

' OUIDANCE..& CONTROL 

The guidance system steers the vehicle into a precise, near-circular, 
low-altitude orbit* Thrust direction is controlled through attitude 
commands and termination is by engine cutoff command* On orbit, the system 
provides accurate attitude references for the control system and proper 
attitude and timing references for the capsule re-entry phase* 

The initial launch conditions are M « 3*0 at 80,000 feet, flight path 
angles up to U0 degrees, and the proper direction to achieve the desired 
orbit inclination angle* Flight time from carrier take off to vehicle 
launch is assumed to be less than two hours* The carrier is assumed to 
have a high quality inertial navigator to provide the space vehicle 
guidance system with initial . conditions • 

, -i^«lirir«nents ‘ for. the guidance system arei 
1) high orbit-injection accuracies 
;■ 2 y attitude references on orbit as follows * 

Vertical; vehicle yaw axis 
; v , b* 90° yaw rotation immediately after injection 

c* maintain a yaw reference such that the vehicle pitch axis 
4 . Vft is lined with the earth relative velocity vector 
d* provide appropriate signals to the payload section 
3) provide proper references for de-orbit as follows! 

4,3a* capsule pitch and yaw attitude 
b* a ti m ing initiation signal compatible with the objective 
of minimum impact dispersion 
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..j^danee system will be mechanized to have a minimum 
number of components by utilizing as much of the . carrier and ground 
equipment for flight .preparation as possible, and by combining the functions 
of missile guidance and control. (Figures 10 and 11 ). 

Vehicle Inertial Guidance Eqpaipment 


A three gimbal inertial platform system will be used. Because of 

• . » . v. ' . . . 

the 90° yaw maneuver after injection the platform is mounted with the outer 
gimbal aligned with the roll axis rather than the conventional alignment 
with the pitchaxis • ' Ascent pitch maneuvers are about the middle gimbal. 
The platform would have the following components: 

•. '’1) : j3 single degree of freedom (or 2-two degree of freedom) gyros. 
‘v-V; v. ■'•2).. ’ 3 ;««oeler^teM' : 5;;--' .v-O. 

• : ‘ 3 )^ 'gimbals, tox^eimotors j ahd resolvers (or digital pickoffs ) 

1'/ : The'S^Laif orm 'elebt^onics 2 . house the signal iahd -pfl^r?asq>lifi«rs‘'ajad^ 
si'Siii ;»lolTOr«-.t<>-/derimB pi^r platform gixabal torquing signals 




' Ihj-^jiti^^ attitude commands '^see •Quidance 5’ 

>1^-*'. ^ into this package ^compared with the gimbal , ; i ; 


The guidance computer will take initial 


v// : "i\ ^•• ; opi^itiL^:l^x^';'guldahoe' constants, and acceleration (or integral of 

"/xZy -*1- v *“.■ V. '• A?-’.' ‘ *- „ A • : * * - ' / 

:* : :;o * V -*v’v ■ *. 

' acbelerationJ and connjute the' necessary attitude commands, thrust termination. v 

• J r V ■ * » 4 \~ t - ‘ r - , .j ^ ' J V* " r"’ '*■ , t ; • . T‘ v 

f: ; : •»'•! .and .timing functions to ’meet the mission’ requirtmientsy The OV .computer fdll 

be a simplified special 'purpose eonpiter with constants being derived either 
by the ground or aircraft computers. 

Initial Conditions . | 

v Of prime importance to an accurate inertial guidance system are the 
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initial conditions of velocity and position in platform coordinates* The 
system determining the initial conditions must know the vehicle reference 
coordinate system (alignment ) , or it assumes a reference coordinate system 
and the vehicle's platform must be aligned accordingly. Since the carrier is 
assumed to have accurate position and velocity information from its own 
navigator, the initial vehicle platform alignment is the only ooncem. • 
Several techniques of alignment can be considered* 

1) Accelerometer feedback - the accelerometer signals from the 
airplane inertial platform can be compared to the vehicle's accelerometers 
to derive signals for errecting the vehicle platform. Under steady state 
horizontal flight conditions this method can only align the vertical. If 
an accelerated or decelerated flight profile is used all three axes can be 
aligned by acceleration comparison, r 

2) Alternate techniques would be to align azimuth and vertical on the 
ground just prior to launch, optical Alignment of azimuth 1 via ' windows * 
between carrier and vehicle platforms or a separate star tracker on the 
vehicle's platform to align azimuth. Detailed error analyses are required 
before the most suitable method can be determined. 

Guidance Equations 

The guidance system generates the steering command signals and 
terminates thrust in such a manner that all mission requirements are 
accomplished. In addition, various command signals are required during 
the orbital phase. 

Ascent Phase 

Either of two general methods of guidance currently under study are 
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feasible for the mission. These are systems employing; 1) explicit 
guidance equations, and 2) delta guidance (or modified "Q" guidance) 
equations. For ascent the explicit guidance system is straightforward 
and requires a minimum of pre-launch calculation. However, tiie number 
of equations to be mechanized (approximately 2l|) results in a computer 
weight penalty estimated at 20 pounds as compared with the computationally 
simpler delta guidance schemes. 

Orbit Phase 

In orbit the guidance system generates the timing signals to initiate 
payload and recovery functions and provides attitude, signals to the vehicle 
by means of the platform gimbals. A timing correction to include the 
effects of uncompensated cut-off impulse is provided. 

• ' Error Analysis 

A preliminary error study was made of the inertial guidance system 
for airlaunch to near-circular orbits. The method of analysis was the 
statistical combination of error values due to the various sources assuming 
independence. ' 

Error Sources 

The error sources considered were; 1) the initial condition errors 
existing at the start of the boost phase, and 2) the guidance conqponent 

f 

errors and computer error within the space vehicle. 

The initial condition errors in the inertial reference system in the 
launch vehicle were taken as follows; 
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Launch Vehicle Initial Guidance Errors (3b0 


Given (after 2 hours) 
position: 1 mile 

azimuth alignment: 100 sec. 


Assumed 


velocity: 1 ft/sec 
pitch alignment : 12 sec. 

roll alignment: 12 sec. 

altitude: negligible 


The guidance system in the space vehicle was assumed to be a current- 
day high-performance inertial package with the following characteristics: 


Space Vehicle Guidance Errors (ler) 


accelerometer scale factor 


accelerometer bias 


accelerometer construction misalignment 


gyro random drift 
gyro mass unbalance 
gyro anisoelasticity 


2 x 10" 5 

-5 

2 x 10 g 

3 sec. 

.005 deg/hr 
.01 deg/hr/g' 
.003 deg/hr/g 2 


/■ ^ • ' . . ' /A 

An associated guidance computer was assumed with an error (307 equivalent 

to 1 ft/sec at orbit injection. 

Error at Injection 
Jl ' '* 11 ' T[ " " 1 

The combination of the above errors when applied to an 80 mile orbit 


give the following 3«T orbital uncertainties: 

eccentricity 

period 


inclination 


+ .00012 

♦ 2.7 seconds 

♦ .050 degree 


perigee-apogee difference $160 feet 
Excluded was the effect of uncompensated thrust impulse at cut-off 0 
This is estimated as equivalent to a 1 ft/sec injection velocity error o 
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Error at Retro-fire 

The projection of the injection errors through one complete orbit give 
the following altitude, velocity, and flight path uncertainties (3cr). 

altitude ♦ .26 miles 

velocity + I4.5 feet/second 

flight-path angle + .011 degree 

in-track position ♦ 11 miles 

cross-track position + .06 miles (maximum of 3 

miles at range angles of 
90 and 270 degrees from 
launch.) 


Attitude Reference Accuracy 

The total attitude reference error combines the effects of the auto- 
pilot, syncho-resolver, stepper motor resolution, platform drift, initial 
alignment, equation approximations and conditions of non-standard flight. 
The total attitude error after one orbit can be reasonably estimated at 
£ 0.2 deg. excluding control system effects. * 

Equipment Characteristics 
Weight and Power 

For inertial guidance equipment, which can be made available within -a 
year, the weight and power characteristics are estimated as follows: 
Weight (total) * 100 lbs. (conservatively) 

Power (ascent) » 360 watts 

Power (orbit) - 76 watts 
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Environmental Performance 

The strict accuracy requirements of the mission demand that the perfor- 
mance characteristics of the guidance system be maintained in the in-flight 
environment. Selection of equipment will be directed toward those components 
and assemblies whose performance has been proven in flight or sled testing 
as well as conventional laboratory environmental testing. 
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0 

ATTITUDE CONTROL 

The attitude-controls system establishes thrust vector control of 

the booster first stages during the programmed ascent. At first stage 

burnout, that stage is separated by means of retro rockets and the second 

stage coasts to apogee of a transfer ellipse. During this coast phase the 

second stage is controlled about all three axes by means of the pneumatic 

(nitrogen) reaction jet attitude control at the front of the orbital 

vehicle (0V). During second stage burning, control about all three axes 

is achieved by means of fluid injection into the engine nozzles. Upon 

achieving orbital velocity, the second stage engines are shut down, and 

the OV, whioh contains the guidance platform and pneumatic attitude 

control system, dLs separated from the second stage booster. The OV is Vv'. 

yawed through 90° to accommodate the payload, and the orbit phase is }■' .y&pfe&y- 

, 'V * -va • ; 

• , • ’ < .^.y ■ I if yt 

initiated* On orblt^ the 0V is controlled, about all three axes by means . u 

of the pneumatic attitude control system. While on orbit, the OV is programmed [j,? 

through a yaw maneuver to compensate for the earth rotation. Upon completion.. 

. , * -. ■ , , ■ _ . * ■ ‘ . . * . - \ ' < 

of the orbit phase, the OV is oriented to the appropriate attitude for 
t capsule separation and the recovery phase is initiated. During the various 

phases of flight, the vehicle attitude commands and rate information ere derived 
from the guidance system. 
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Boost Stages 

First stage thrust-vector control is achieved by means of the 
hydraulically operated engine gimbal systems. The four engines are 
gimbaled so as to give three axis control. Second stage operation is 
similar except that fluid injection into the engines is used to achieve 
thrust vector control. The block diagrams for attitude control for the 
boost stages are shown in Figure 10 , where the block labelled servo 
systems represents the hydraulic servo for the first stage or the flow 
control system for the second stage. 

During the ascent phase, the computer-timer has stored within it the 
required trajectory information. This information is applied to the 
attitude control system as command signals by having the computer drive a 
motor-resolver system. The output of the motor-resolver is compared with 
the gimbal angles of the platform and the resultant signal is used as the 
attitude signal. In order to damp the vehicle motion, angular rate informa- 
tion is required. This rate information may be obtained from the platform 
servo torquer current or by phase leading the attitude information. Use 
of the torquer currents m ay provide a cleaner signal; however, LMSC has 
had considerable success with phase lead techniques so that both approaches 
will be considered. The attitude and rate information is summed in the 
flight controls electronics, and the resultant error signal is amplified and 
applied to the hydraulic servo (or flow control valve) to direct the engine 
thrust of the four engines to obtain control of all three axes. 
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Orbital Vehicle 

The attitude control system for the 07 is used during the coast 
to second stage ignition and is used continuously on orbit. 

After injection into orbit, the OV is separated from the second stage 
and is yawed through 90°. The platform gimbals then are orthogonal to the 
body axes. This orientation simplifies determination of attitude excursions 
while on orbit. Thereafter, a constant roll rate is imparted to the OV 
such that it is aligned to the local horizontal in pitch and roll throughout 
the orbit; a programmed yaw command is imparted to OV as a function of 
latitude. The block diagram for attitude control of the 0V is shown in 
Figure 11 » This system utilizes the platform for attitude information and 
the pneumatic reaction system of the Agena D. 

Because of the orientation of the 0V and body axes, pitch and yaw 
attitude information is directly obtainable from the platform gimbals. 

The computer-timer together with the motor-resolvers generates a programmed 
signal for roll so that the OV is given a continuous roll rate to align 
the 0V to the local horizontal throughout the orbit flight. In a similar 
manner, a preprogrammed yaw command is imparted to the vehicle to compensate 
for the earth's rotational velocity. 

Vehicle angular rate information for damping is obtained from the 
platform torquer signals and applied to the flight controls electronics. 

At the end of orbit operation, the vehicle is pitched down and 
stabilized prior to initiation of the capsule recovery sequence. 

Flight Controls Electronics 

The flight controls electronics sums the signals of the motor-resolver 
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and platform (both attitude and angular rate) and applies the resultant 
error signals to the appropriate pneumatic reaction jets for vehicle 
stabilization. A deadband circuit of 0.1 deg. (about all three axes) is 
used in the flight controls electronics to conserve attitude control gas 
during orbit operation. 

The amplified error signal is applied to the pulse electronics 
circuits (in the flight control electronics) which generates the pulse 
commands to the pneumatic reaction jet valves. 

Pneumatic Reaction Control System 

The pneumatic reaction control system consists of pulse thrustor 
valves, two stage pressure regulator, and gas storage tank. 

The pulse thrustor valves are simple solenoid valves with a rapid 
response. (less than 0.025 sec. pulse time), and essentially no leakage. 

The two stage pressure regulator is assumed for operation of the 
thrustors at two force levels: 10 lb. for use during ascent, and 0.5 
lb. on orbit. 
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STRUCTURES & LOADS 
Design Criteria for Configuration B 

The vehicle is designed for the normal flight loading conditions 
determined by the trajectory and vehicle configuration. In addition, 
vehicle structural integrity is assured for the added conditions imposed 
by the proposed method of launch. The new, or added, design conditions 
and the estimated design load factors are: 


Condition 

Design Load Factor 
Longitudinal Lateral 

- g's 
Vertical 

Ground Handling 

1 2 

♦ 1 

♦ 2 

Mating With Carrier 

♦ 1 

+ 1 

+ 2 

Take-off With Carrier 

+ 2 

♦ 1 

+ 2 

Flight With Carrier 

+ 2 

+ 1 

♦ 2 

Release From Carrier 

+ 1 

+ 1 

♦ 2 

Tail Jettison 

+ 1 

+ 1 

♦ 2 


Landing With Carrier (Not Applicable) 

Compliance with the ground handling and mating load condition 
restrictions is achieved by appropriate design of ground handling 
equipment and by control of procedures. 

The "Take-off" and "Flight With Carrier" conditions will be dependent 
upon the carrier condiguration and performance! however, the loadings assumed 
above are considered appropriate. 

The "Release From Carrier" condition assumed the vehicle dropped away 
from the carrier at a trimmed condition with an angle of attack below eight 
degrees. 
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The tail jettison mechanism will be designed such that the above listed 
loads on the vehicle will not be exceeded. 

It is assumed that the vehicle will be jettisoned from the carrier 
prior to landing in the event of an aborted vehicle launch; consequently 
the vehicle design need not incorporate landing condition loads. 

The exact configuration of the proposed aft extension structure 
(including fairing, horizontal tail surface, and vertical tail surfaces) 
will be contingent upon wind tunnel tests and interference characteristics 
of the carrier. In the proposed preliminary tail configuration, the 
surfaces are rectangular in planform and of 80 inch chord. The required 
span of the horizontal tail surface will be from 10 to 1 £ feet. The dual 
vertical tail surfaces are hinged to the lower surface of the horizontal 
tail at or near the outboard ends in order to permit folding of the vertical 
fins for required ground clearance during take-off. 

A double wedge airfoil section with a"20 inch wide sthictursd box And shear 
webs of machined titanium or steel alloy is proposed. * Lead ing and trailing 
edge skins are of titanium or steel with light gage 'C' section spanwise 
webs as shown in Figures 1 2 and 13 • 

The forward main support fitting for attachment of the vehicle to the 
carrier is located in the first stage/second stage interstage structure 
and consists of a 5>li" diameter ring and a hookup fitting as shown in Figures 
lh and IS. The aft support fitting is incorporated into the aft extension 
structure. 
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ADDENDUM TO CONFIGURATION C 


This study primarily was directed toward Configuration B since it 
meets the 30-foot length limitation. However, the half-ton payload 
capability of Configuration C has evoked considerable interest which 
had led to further study on this vehicle. 

Effect of Launch Speed and Angle 

The ascent-trajectory technique was altered from the optimum-launch- 
angle, gravity-turn method to one employing a pitch up to 10° angle-of -attack 
during first-stage burn. The results of computer runs for a range of Mach 
numbers between 2.2 and 3«2 are shown in Figure 16. It is interesting to 
note that the payload capability for an 80 mile orbit dropped less than 10 
pounds at M « 3.0 with a drop in required launch angle from 33° to less than 18°. 

Impact Dispersions - Effect of Errors at Launch 

For the given space vehicle guidance system, the effect of the launcher 
guidance uncertainty on re-entry capsule impact dispersion was studied. The 
pitch and roll alignment errors were increased to 30 seconds of arc while 
velocity errors were increased from 1 to 5 and 10 feet per second. The 
errors (uncertainties) at retro fire and corresponding impact dispersions 
are compared in Table III. The parenthetical numbers in the last column 
are the results of the original study discussed in the Guidance and Control, 
and Payload Sections. 

Temperature Environment Prior to Launch 

The A-3 propulsion stages are structurally critical at temperatures 
above 200 °f and payload systems are designed for initial launch temperatures 
near 70°F. The ideal cruise Mach number, therefore, is near 1.5. If aircraft 

— UO— 
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requirements dictate higher speeds, the orbital vehicle must be cooled} 
if the cruise Mach number exceeds approximately 2*0,. the first and 
second booster stages also will require cooling. 

Techniques for protecting the orbital vehicle are briefly covered in 
discussion of the spaceframe in the Payload System section. The external 
blanket or shroud imposes no payload penalty on the space vehicle. If 
cooling is required, liquid cooling within the orbital vehicle walls is 
more desirable than internal air conditioning. 

The critical regions on stages 1 and 2 are the bonds between the 

propellant liner and motor case, and the bonding of the interstage attach- 

\ 

ment rings to the fiberglass motor case. The attachment bonds could be 
protected by coolant coils in the interstage regions with little weight 
penalty. The motor cases will require insulated or cooled external 
blankets which are separated from the space vehicle just prior to launch. 
The thir d-stage can be protected by insulation inside the nose cap. 
Parachute Stabilization During Free-Fall 

A supersonic parachute has been suggested as an alternative to the 
stabilizing f ins on the aft extension. A 20-foot diameter chute will 
provide an adequate static margin of 12 feet without imposing excessive 
loads on the structure.' Vehicle oscillations are less than 1 cps with a 
half -amplitude of approximately $ degrees. Load factor on the chute and 
structure is l.U g'sj the total axial deceleration due to chute and body 
drag and gravity is 2.0 g’s. 

The effect of "time— on- the -chute 11 is shown in Figure l6A* Initial 

■! 

speed has been increased to M ■ 3»2 to partially compensate for the 

-U- 
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effects of the chute so that the basic (zero time) capability has 
increased 60 pounds to 1070. Separation distance is along the flight 
path and assumes constant airplane speed after launch. Free-fall times 
should be kept to a minimum, consistent with vehicle safety, since it 
penalizes capability at the rate of nearly 20 pounds per second, and 
increasing free-fall time imposes more adverse heat-load problems on 
the chute design. 

* 
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EFFECT OF LAUNCH CONDITIONS ON IMPACT DISPEHSIONS 





Launch Vehicle 
Initial Conditions: 


a 

Errors (3cr) 
^ Retro-Fire: 


|^* 

& 

r * 30 


& 


Impact 

Dispersions (3c/): 


Velocity 

ft/sec 

i 

5 

10 

(i ) 

(12 ) 

Ofc 

Pitch/Roll Alignment • 

seconds 

30 

30 

30 


Altitude 

mi 

.30 

.30 

.30 

r 

(.26 ) 

3= 

o 

Velocity 

ft/sec 

U.5 

6.5 

11.9 

(U.5 ) 


Flight-path angle 

deg 

.0X2 

.012 

.012 

(.011) 


In-track position 

mi 

11 

16 

29 

(11 ) 

o 


Due to Guidance 

mi 

15 

20 

33 

(15 ) 

Total Dispersion - Uprange 

mi 

21 

2h 

36 

(20 ) 

- Downrange 

mi 

25 

28 

38 

(25 ) 
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PAYLOAD SYSTEM 

GENERAL 

The orbital vehicle will consist of an equipment module to viiich is 
attached a payload section. The payload section will consist of a 
panoramic camera and associated cassette, recovery system, payload power 
supply, and payload space structure. 

Three types of panoramic cameras have been considered, each of which 
is a logical evolution of the existing and proven Corona system. In fact. 
Configurations I and II are direct modifications of this subsystem, and 
Configuration III is a direct application of a proposed single lens stereo 
camera subsystem. Primary effort has been directed toward the utilization 
of the camera subsystem described as Configuration I which is compatible 
with vehicle Configuration B/b' . 

The recovery subsystem, common for all three payload configurations, 
is being developed for and will be qualified under the ML-U70 Program (S^). 

The space structure subsystem will provide for camera subsystem 
installation, recovery subsystem installation, payload power supply, system 
intercabling, and auxiliary equipment required to provide proper support, 
physical integration and orientation of the camera and recovery subsystems. 
The space structure subsystem will be compatible with the vehicle con- 
figuration with which it is associated. 

The payload system weights for each configuration ares 
Configuration I - lbs. 

Configuration II - 300 lbs. 

Configuration III - 700 lbs. (est.) 
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CONFIGURATION I ? 

The hardware assembly with this payload system consists of: 
a. Camera Subsystem - The camera subsystem shall consist of one 
Corona M g type camera with associated cassette. The character- 
istics of the camera are: 

Type - Fixed film panoramic 

Lens - f/3.5 Petzval with UO" focal length 

Scan Angle - 60° (1*0° if vehicle design dictates) 

Shutter - focal plane, interchangeable slits for 

exposures of l/2$0 sec., 1/500 sec., 

1/1000 sec. 

IMC - Lens' system moves in opposite direction 

r ■ 

v relative to motion of vehicle 

- IMC Rate - proportional to V/H setting 

Film-. 30-132 , ‘ V - 

. i The camera will be designed to mount a supply qiool containing? 

4 y « *.J 

700 feet of 5" wide 3*2 mil film. Based upon a Ul.2 iigi (60°) 
scan format length and U.5 inch format width, this amount of 
film is capable of photographing approximately 155,000* square 
/ miles of the earth’s surface at the operationally specified 

location. If the scan angle is reduced to 1*0 degrees, the 
U0 inch camera will be capable of covering 11*6,000 square miles. 

The ground resolution of the total system operating at 80 nautical 
miles altitude is expected to be: 

( a. Medium Contrast (6.3:1) 3.5 feet 

b. Low Contrast (2:1) U o 0 feet 
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b. Re-entry Capsule Subsystem - The re-entry capsule subsystsn, 

developed for the ML-U70 Program, consists of an ablative/structural 
shell, (a short cylindrical section coupled to a flared skirt) 
retro- rocket, spin assembly, power supplies, parachutes, beacon 
and flashing light assembly, wiring harnesses and associated 
hardware. 

c« Structure Subsystem - The structure will consist of an elongated 
fairing section which will provide for camera installation, 
re-entry capsule installation, power supply, system inter-cabling, 
and the auxiliary equipment required to provide proper support, 
physical integration and orientation of the camera and re-entry 
capsule subsystems o 


WEIGHT - CONFIGURATION I 


RECOVERY VEHICLE 

,V : 

INSTRUMENT 

AIR FRAME 
Barrel 
Nose Cone 


A/P ELEC 
Harnesses 
Sig. Cond. 
Commutator 
Programmer 
Misc. 


PAYLOAD 


TOTAL 


10 (5« x 7.00" Dia.) 

U$6 LB. 
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CONFIQURATION II 

This configuration will provide a light weight, early operational 
capability by utilizing one Corona Mural camera which has a 2h” focal 
length f/3.5 Petzval lens and which, under the same conditions as 
Configuration I, will offer the following performance* 

a. Medium Contrast (6.3:1) * 5.0 feet 

b. Low Contrast (2:1) <= 6.0 feet 

This camera has a scan angle of 70 degrees and uses 70 mm film. 

At an orbit altitude of 80 nautical miles, and using 700 feet of film, 
this camera is capable of photographing 180,000 square miles. Swath 
width photographed is 92 nautical miles* This configuration will be 
similar to the ML-i*70 payload shown in Figure 18* 
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INBOARD PROFILE 

An*, 6.-IS-44 HttVA 

FIGURE 18 
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CONFIGURATION III 

This configuration is a single lens stereoscopic panoramic camera 
built around the i;0 inch focal length Petzval lens used in Configuration 
I. This single lens stereo camera design is being investigated by ITEK 
Corporation for WADO. 

Basically, the camera consists of two platens mounted at the proper 
distance and angular orientation to obtain 30 degree convergent oblique 
stereoscopic configuration. The lens is then positioned by moving 
mechanisms so that it alternately scans the forward looking and aft 
looking platens. 

Independent film supply spools, film metering drives, and cassettes 
are provided. Image motion compensation isjobtained by an IMC cam mounted 
on the rotating lens. The lens barrel actually describes an elongated 
ellipse as it scans each platen. 

For this configuration, two 700 foot spools of film would be provided 

Esitmated weight of this configuration is approximately 700 pounds. 

From a performance viewpoint, this camera should have a ground 
resolution equal to the Configuration I camera, and in addition offers 
the increased advantage of presenting the third dimension which is a 
great aid in identifying and recognizing photographed objects. 

i 

✓ 5 , 


-kr 
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SPACEFRAME 

The effect of orbital temperature gradients are not considered to 
be significant due to the short orbital life (one pass, l| hrs.) 
relative to long time constant of the payload. Pre-launch and ascent 
heating constitutes the primary thermal problem with cruise temperatures 
possibly being the greatest contributor. The adverse effects on the 
payload of high cruise Mach number can be offset by incorporation of any 
of the following techniques: 

1. Liquid cooling within the vehicle structural walls; the 
coolant will be provided by the carrier aircraft. 

2. Transpiration cooling techniques developed on previous 
programs. 

3. Removable thermal blanket or shroud. 

No instrumentation will be flown on operational vehicles. It is . 
expected however that early flights will be instrumented to monitor 
environmental data instrument performance. 

For reasons of security there will be no telemetry, so that the 
use of a tape recorder for recording instrumentation data on early 
flights would be required. The recorder may be either recovered or 
read out during pre-recovery acquisition. 
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RECOVERY SYSTEM 

The recovery capsule, developed for the ML-h?0 Program, is employed 
directly. It is a light weight cylinder flare configuration (Figure 19) 
weighing 76 pounds. The capsule is separated from the orbital vehicle 
after it has been re-oriented to the proper retro attitude. 

A retro velocity of approximately 1300 ft/sec is imparted, after 
capsule spin up, by a low dispersion (less than 1 %) motor. The motor 
case remains with the capsule to prevent the possibility of debris landing 
in the recovery area. Atmospheric deceleration of the spinning capsule 
is conventional, with the heat loads being absorbed by ablation. In order 
to minimize dispersion due to wind drift, parachute release occurs when 
the vehicle has descended to the lowest practical altitude. , 

The re-entry capsule is designed for air-snatch retrival with added 
capability of withstanding surface impact. 

• " ,^‘J 

A SARAH beacon and a flashing light assembly will be employed as 
recovery aids. 


/ . 
/ 

V 
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RECOVERY SUBSYSTEM 
PRELIMINARY WEIGHT STATEMENT 


r 


Sub-total 

Total 


1. Search & Acquisition Aids: 

LBS 

TOTAL 

a. Beacon (SARAH) & antenna 

*7? 


b. Beacon coder (signature) 

.31 


c. DC to DC converter 

.35 


d. Flashing light 

.1 


e. Flashing light controller 

.25 



1.76 

1.76 

2. Sequencing & Deployment equipment: 

a. Recovery programmer & timer 

.5 


b. Pyro ejectors (2) for 'chute cover 

.18 



"755 

76b 

3. Parachute System: LBS 

a. Air Recovery version 8*3 

U. Structure: 

a. Recovery system L retro support 

2.0 * 


b. Power supply containers 

2.0 


c. Cassette encapsulator 

.75 


d. Shell 

2.0 


e* 'Chute cover (ejectable door) 

.50 


f. Ablative material (estimate) 

19.3 



2535 

25755“ 

5. Payload & Payload Components: 

a. Payload 

5.0 


b. Cassette motor 

.2 


c. Cassette 

. .50 


d. Film cutter and water seal 

i.o 



“5TT 

"5TT- 

6. Re-entry: 

a. Retro rocket 

2l:.0 

4 

b. "g" switches (2) 

1.0 



2570" 

25.0 

7* Power: Approx 15 A/H (12 hrs) 

a* Batteries 

5.0 


b. Harnesses 

2.0 



7.0 

7.0 


Plus 3a (Air recovery) 
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RE-ENTEX IMPACT DISPERSIONS 


The predicted re-entry dispersion is 20 miles uprange and 25 miles 
downrange, 3 <T » Cross range dispersions are small, of the order of 5 to 
7 miles. "Impact u is defined as the altitude of parachute opening* The 
relative contributions are as follows: 

Effect Dispersion-miles 




uprange 

downrange 

1. 

Orbital uncertainties after 1 pass 

15 

15 

2. 

Retro velocity Including ljC impulse 
variation 

13 

19 

3. 

Atmospheric drag uncertainty 

5 

5 

RSS 

- 3<r dispersion 

20 

25 




The dispersions will grow rapidly with increasing orbit passes due 
to the effects of orbital period uncertainty, guidance drifts, and 
orbital . drag. ' ' ^ ' ; .. . 
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C 

PAYLOAD PROGRAMMING AND MISSION ANALYSIS 


; : INTRODUCTION 

\ , : j . - 

The capability of the guidance and control subsystem to establish 
accurately the orbital injection parameters, plus the shortness and 
relative simplicity of the flight mission makes the task of programming 
easier than that of present missions or more sophisticated proposed 
systems? there are fewer commands to be computed and issued* 

Computer programming will have the flexibility of rapidly providing 
operational constants which will permit the selection of any target 
within the denied area. All programming requirements are within the 
state-of-the-art. 

i 

C 
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C ANALYSIS OF THE ORBIT 

Swath width is a function of altitude and instrument scan angle. 

In past studies sometimes a "target" has been spoken of as an area 
50 mi. X $0 mi. | in present missions a "target" is a range of latitudes 
specified for a particular rev number. 

Since the present capabilities of the proposed instrument and 

the orbital vehicle indicate a good balance between orbit lifetime, 

* r 

scale factor, and ground resolution at an altitude of about 80 n» mi., 
the swath widths for various scan angles ars calculated based on this 
altitude. 


Scan Angle 

Swath Width 

20° 

28 n. mi. 

30° 

U3 

O 

O 

58 

O 

O 

\A 

75 

60° 

92 -• 

70° 

112 n. mi. 


It is desirable, from several standpoints, to attain orbits which 
are as nearly circular as possible, so that the velocity and altitude 

over the target remain nearly constant. The v/h ratio for the above 

/ . , 

v orbit is .159 ft/sec/yd. with a cycle rate of 1.8 sec for 60° scan angle. 
Present instruments, with a 70° scan angle and a 2U” focal length having 
a cycle period of 2.U sec when cycling to match a v/h ratio of .117, are 
capable of achieving these new parameters. 
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* 

Figure 1 shows typical ground tracks for three different inclinations 
of prograde orbits, 8£°, 60°, and 30°. Orbits shown were all designed to 
be recovered at Johnston Island. 

Target selection is provided by orbit inclination. Period variation 
provides a very limited target selection capability especially at low 
orbit inclinations. Additionally, this technique imposes greater demands 
on mission programming procedures and equipments because of the varying 
eccentricities which would be required. Since the guidance system's 
maximum cross-track error is only 3 miles, maximum simplicity is achieved 
by variation of orbit inclination. 

Once the target coordinates are selected, a computer program will 
be employed to give rapidly the solar elevation at that location as 
a function of various launch times for the mission date, for analytical 
use in exposure studies, selection of film type, and determining correct 
aperture or slit width for optimum exposure over the target area. 
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FLIGHT MISSION/PROGRAMMING 

Computer programs will be developed to generate the mission ephemeris 
in order to provide the necessary operational parameters « 

Because of short mission life, no real time commands will be use'd. 

All commands necessary for a complete mission will be computed in advance 
of the mission, recorded from the computer into the satellite borne 
program device and stored for execution at the proper time. 

The only payload commands needed are: 

1. instrument on; 

2. payload slew and instrument off; 

3. recovery sequence initiate (provided by guidance computor) 

The payload slew command is felt to be desirable to run any payload 

remaining after an operational pass into the cassette just prior to 
recovery. This serves the dual purposes of insuring a predictable re-entry 
vehicle weight as well as precluding am aborted mission in the event of 
water seal failure. A fixed cycle period will be computed and pre-set at 
any time up to launch aircraft take-off to provide a 'fixed V/H signal to 
the camera. 

/ In order to fully realize performance capabilities of the proposed 

camera subsystem, vehicle yaw correction is required. 

/ 

v. 
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EFFECT OF INCLINATION ANGLE ON IMC 



This will correct for uncompensated image motion due largely to earth 
rotation. Full alignment is provided by yawing the vehicle with respect 
to time. The IMC error from this source will be limited to less than 7 % 
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DISCUSSION 


The configurations (B/B and C) which utilize the Polaris propulsion 
system are discussed* since Configuration A requires an expensive motor 

development program and the 1*0 inch depth limitation no longer applies, 
ihe comparative table relates the payload weights with the 80— mile payload 
carrying capability of all configurations. 


Payload 

Vehicle -Configuration 
Configuration'"''''---^^ 

I 

(i;56 lb) 

II 

(300 lb) 

III 

(700 lb) 

A (635 lb) 

X 

X 


B (3li0 lb) 


X 


B 1 (610 lb) 

X 

X 


C (1010 lb) 

X 

X 

- X 


The 3-3tage Configuration C is the only vehicle capable of carrying 
all three, payloads, and therefore is the most desirable if the launch 
vehicle is capable of accommodating its 35 foot length. The three motors 
have been or will be developed and qualified for other programs, and an 
encouraging potential is provided for advanced payloads or retrograde 
/ orbits. 

f 

The primary vehicle of this study - the two-stage Configuration B/b' - 
is capable of carrying Configuration II for a certainty, and probably 
Configuration I, when the current motor improvement efforts are realized. 

It meets the 30 foot length limit and would be launched conventionally 
with a stabilized free-fall glide. 




«►> 
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The system is launched so close to the Hawaiian Islands that it 
should be possible to compromise airplane cruise conditions in favor of 
the space vehicle temperature requirements* A cruise Mach number near 
1.5 provides the ideal environment for the vehicle and payload sys terns. 

Higher cruise speeds will inpose critical thermal conditions upon 
structural components and will require that active cooling tec hni ques 
be employed,, 

The vehicle is completely silent* payload and vehicle guidance 
programming is performed on the ground prior to take-off. The guidance 
system will turn on the payload at entrance into the area of interest 
and will control the time of re-entry for minimum impact dispersion. 

Maximum cross-track error is 3 miles which is insignificant for the •' 

pay load under consideration* and is satisfactory for any narrow swath 
spotting system which might be contemplated. 

Re-entry impact occurs inside a narrow strip U5 miles long, and 
often in daylight. These conditions suggest the possibility of recovery , 

by helicopter, possibly operating from shipboard. 

PROS AMD CONS 

Advantages and disadvantages of the system described herein are 
discussed with respect to nine factors which are believed to be the most 
significant. (The order of discussion is not related to significance.) 

The figures in parentheses are an attempt to give a numerical rating. 

Numbers used are 1, 2, and 3j 1 being least desirable. On this basis, the 
system rating is 22 points out of a possible 27* 


-58- 


Approved For ffg|ag}ff$<©52R000100070001-6 






Approved For Release 2001/08/28 : CIA-RDP66B00762R0001 00070001 -6 

SPECIAL HANDLING 

' 

* 

Vulnerability (3) - Vulnerability up to launch is low. Fighter 
protection can easily be supplied from take-off to launch. 

Secrecy (1) - It is inconceivable that take-offs would not be 
observed. Knowledge of the launch point could probably be protected. 
However, this is of little significance since the enemy would soon become 
aware of the recovery point from observations within his own territory 
even if all other information were denied him. Thus the system is rated 
low in secrecy unless adequate take-off cover could be developed. 

Response Time (2) - This is defined as the time from the establish- 
ment of a mission requirement to launch of the satellite. The time 
required for preparation to take-off and travel tq the launch-point is 
sufficiently long to cause this factor to be rated medium. 

Length of Cycle (2) - This is defined as the time from the establish- 
ment of a mission requirement to the start of processing of recovered 
material./ The system is rated medium in this characteristic primarily 
because / 6f its response time. 

Target Selection Capability (3) - Aircraft mobility provides great 
flexibility in launch point and launch azimuth. Thus this factor is 
rated high . 

Frequency of Operation (3) - Frequency of operation is limited only 
by the number of aircraft which can be provided and the rate of missile 
production. This factor is rated high . 

Launch Point Flexibility (3) - When the target and recovery point 
have been specified, only a single degree of launch-point freedom ranains. 
However aircraft can make full use of this freedom. Thus this factor is 
rated high . 
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Reliability (3) - All other factors being equal, reliability is 
highest when the shortest possible time exists between payload assembly 
and payload operation. Thus this system rated high in reliability. 

Costs ( 2 ) - ^Analysis indicates that this system may be classified 
as a medium cost system. 





Ffc s ft 


Approved For Release; 


1000100070001-6 



Approved For Release 2001/08/28 rCIA-RDP66BOO762ROOO1OOO70OO1-6 


